The hypertension which can be induced experimentally in rats by the administration of desoxycorticosterone acetate (DCA) differs from that which develops in rats given cortisone acetate in its dependence upon a liberal sodium intake (1) . Not only is DCA-hypertension made more severe by providing the animals with excess sodium (2) , but it fails to develop if the available supply of this cation be sufficiently restricted (3) . In contradistinction, the capacity of cortisone (1) or of hydrocortisone (4) to elevate the blood pressure is independent of sodium intake.
It seemed of interest, therefore, to determine whether the mechanisms underlying the dissimilar actions of these two groups of steroids would be reflected in the electrolyte composition of the tissues of animals given one or the other compound under conditions of sodium loading as well as of sodium restriction. A preliminary study analyzing pooled samples of tissue indicated that the hypertension induced by DCA was accompanied by an increase in carcass sodium, whereas this did not obtain in the carcasses of rats made hypertensive with cortisone (5) .
METHODS
Sixty young female Sprague-Dawley rats 1 were divided at random into eight groups, averaging 118 to 135 Gm. in body weight. The allocation of the animals and the experimental regimens employed are shown in Table I . The sodium content of the "low Na" diet on analysis was somewhat higher, and that of the "high Na" diet somewhat lower, than in the preliminary study. The weekly, and cortisone acetate in aqueous suspension 8 was similarly given. It was necessary to sacrifice the rats of Group VII from four to seven days after the start of the experiment, as they became moribund from adrenal insufficiency. In this brief period all had lost significant amounts of weight, and their blood pressure readings had decreased markedly or were unobtainable.
Blood pressures were measured according to the method of Friedman and Freed (6) but with the modification that the animals were neither immobilized with curare nor anesthetized. Normal values obtained by this modified technique range 10 to 20 mm. Hg higher than those obtained on anesthetized animals. Readings in Group VII were obtained daily; in other groups readings were made weekly. At sacrifice all animals were anesthetized with Nembutal@, then exsanguinated from the incised heart. Blood obtained in this manner from individual rats was separated, and the sera combined with that of two or three other animals to form two pools per group. On these pooled sera, sodium and potassium were determined using a flame photometer with an internal lithium standard; and chloride by the Van Slyke method as modified by Wilson and Ball (7) .
After removal of the gastrointestinal canal, heart, kidneys, right gastrocnemius, right femur and a 1-cm. square sample of skin, the remaining carcass was frozen.
The individual frozen carcasses were coarsely ground by hand in a small meat grinder, and the water content determined on a 20-Gm. aliquot after desiccation for two weeks in an electric oven at 900 to 105°F. Fat content was determined on this dried tissue following a 24-hour extraction with ethyl ether in a Soxhlet apparatus. The dry defatted tissue was then ground in a mortar and aliquots were taken for sodium, potassium, chloride and nitrogen determinations. For sodium and potassium, 0.4 to 0.5 Gm. of tissue were placed in a chloride tube and digested 20 produces in both the sodium and potassium readings was hours after addition of the silver nitrate and nitric acid found to be within the limits of error of the method. before proceeding with heating and titration with amFor chloride, 0.5-Gm. samples were placed in chloride monium thiocyanate. For nitrogen, a macro-Kjeldahl tubes and the same method employed as for sera, with digestion was carried out on 1-Gm. samples. Following the exception that samples were allowed to stand 24 digestion and dilution with 130 ml. water, the digest was 
RESULTS
The results are set forth in Tables II and III.  Weight In the groups provided with liberal quantities of sodium, essentially normal growth was evidenced by all but the cortisone-injected rats. The impressive weight loss here was consistent with our previous observations (1) and again emphasizes the marked growth-suppressing activity of this steroid in the rat.
Even more striking weight losses were observed in the cortisone-treated group on sodium restriction, whereas the steroid DCA, even under these conditions of limited intake of sodium, permitted normal growth. With no steroid replacement (Group VII) a very severe weight loss was seen even in the brief period of four to seven days during which these animals survived.
Blood pressure
As anticipated, the hypertensive action of DCA was evident only among those rats receiving liberal amounts of sodium, whereas equally severe degrees of hypertension were seen on the low as well as the high sodium intake among the animals given cortisone.
Electrolytes in sera DCA given with liberal quantities of sodium resulted in a significant lowering of the serum potassium and chloride. The serum sodium, when compared to the control group, appeared elevated. When sodium intake was restricted the steroid was a sufficiently potent sodium retainer to maintain a normal serum sodium concentration, but under these conditions no reduction in potassium or chloride occurred. Indeed, the potassium determinations on this regimen were higher than those of control animals.
Unlike DCA, cortisone did not lead to hypochloremia or a reduced serum potassium when given to animals on a high sodium regimen. However, like DCA, cortisone did permit the maintenance of a normal serum sodium concentra- tion even in the face of a restricted intake. On this regimen the serum chloride was lower than normal and the serum potassium appeared lower than in the DCA groups. This latter difference may be a reflection of the different effect of these two steroids in sodium restricted rats upon carcass potassium (see below).
In contrast to both steroid injected groups, the untreated adrenalectomized rats developed striking abnormalities within four to seven days of sodium depletion. In this study, these abnormalities were partially but not completely corrected by the provision of a moderately high sodium intake (see Group III).
Carcass analyses DCA groups. The hypertensive DCA rats given liberal quantities of sodium showed an impressive increase in their carcass sodium along with a decrease in potassium. The water content was not significantly greater than that of normal rats and, indeed, was definitely less than that of adrenalectomized rats given no steroid replacement but maintained on a similar high sodium regimen. Since the increase in carcass sodium was not accompanied by an increase in water content or chloride content nor by a decrease in nitrogen, calculated as per cent of fat-free fresh tissue, the increase in sodium in this DCA-injected group is not the result of an extracellular edema; rather, it reflects an intracellular exchange of sodium for potassium. In the DCA-injected animals which remained normotensive on the low sodium regimen, the only electrolyte change as compared to the normal group was a slight increase in carcass sodium, which was accompanied by an increase in water content but not by a reduction in nitrogen as related to wet weight.
Cortisone acetate (E) groups. The striking changes in all hypertensive cortisone injected rats were dehydration and depletion of body potassium.
These changes obtained equally in both high and low sodium intake groups. Unlike the hypertensive DCA animals, there was no reciprocal increase in carcass sodium, i.e., the potassium effects here were not secondary to the changes in sodium. In fact, the carcass sodium values in both groups of cortisone-treated rats were not significantly different from those encountered in the intact controls on the respective regimens.
Control adremdectomized groups. The impressive change observed in these animals on the low as well as those on the high sodium regimen was the increased total body water. It appears that the electrolyte content of the carcasses of the adrenalectomized rats on a high sodium intake was not significantly different from that of normal animals on a similar regimen. On the low sodium regimen a comparison of the adrenalectomized with the-intact control group is misleading and probably not justified since the carcasses of the former reflected only four to seven days of sodium restriction, whereas those of the normals were analyzed after a full fourteen days on this regimen.
DISCUSSION
While the foregoing data point up certain differences in carcass composition between the rats injected with DCA and those which received cortisone acetate, it is clear that all these hypertensive rats exhibited one abnormality in common, i.e., a striking lowering in the total body potassium. This obtained regardless of whether the rise in blood pressure followed DCA or cortisone. Whether this change in potassium is an integral feature in the capacity of adrenal cortical steroids to produce hypertension remains to be determined. Certainly other situations which give rise to potassium deficiency may occur without hypertension.
In the DCA-treated rats a liberal quantity of dietary sodium was necessary for both the rise in blood pressure and the potassium change to become evident. Indeed, the latter change was roughly reciprocal to the increase in carcass sodium. This observed increase in sodium and decrease in potassium is quite in keeping with previously reported changes in skeletal muscle (9) (10) (11) (12) of DCA-treated animals, and also compatible with reports of an increase in arterial wall sodium (13) and of a decrease in brain potassium (14) . The increase in sodium in the DCA rats of the current experiment is also similar to findings encountered in hypertension due to other causes: 1 ) an increase in the sodium content of aortae (13) , of brain, heart, liver, gut, muscle, skin and spleen (15) and in total carcass (16) in experimental renal hypertension, and 2) an increase in exchangeable sodium (17) and in the sodium content of aortae (18) of humans with severe hypertensive disease.
However, the increased carcass sodium in the present experiment cannot be considered a reflection of extracellular edema as has been the case in certain instances of renal hypertension (19, 20) , since these DCA rats did not have an accompanying increase in total body water or chloride, nor did they exhibit a significant decrease in carcass nitrogen expressed as per cent of fat-free wet weight. The increased sodium in this instance is better explained by assuming that an exchange of sodium for potassium has occurred intracellularly.
Although the hypertensive DCA rats all exhibited an increase in carcass sodium, this change cannot be considered essential for the development of a rise in blood pressure per se, since it did not occur in either group of hypertensive cortisoneinjected rats. The non-essential character of the increase in sodium in hypertension has been demonstrated previously by Grollman (21) in rats made hypertensive by ten days of a choline-deficient diet during the third and fourth week of life. In these animals he was unable to find any variation from normal in sodium, potassium, magnesium, chloride or water content of brain, gut, heart, liver, skeletal muscle or skin.
The depletion of carcass potassium observed in the cortisone-injected rats in the current experiment has not, to our knowledge, been reported previously, although it is well recognized that this steroid leads to potassium diuresis in balance studies. Davis, Bass and Overman (12) , who observed diuresis of potassium in cortisone-treated dogs, found that tissues from such animals, with intact adrenals, showed potassium depletion in muscle and brain but not in liver, heart, ileum, spleen, lungs or skin. An increase in sodium accompanied the potassium changes in muscle.
The dehydration and the electrolyte changes observed in our studies in the rat cannot be attributed to the marked growth-inhibiting action of the steroid, since no such changes were found in normal rats starved so as to achieve a comparable weight loss (5) . This dehydration of the cortisone-treated animals is impressive and may possibly reflect over-activity of the mechanism which regulates water excretion. In contrast there was overhydration in the adrenalectomized rats given no steroid supplement. In the salt depleted group (Group VII) this overhydration was clearly intracellular and is compatible with similar changes reported previously in muscle (22, 23) . Over-hydration was also evident in the companion group (Group III) afforded a liberal sodium intake, though in this instance, the decrease in the nitrogen values expressed as per cent of fat-free wet weight makes it likely that some portion of the excess fluid was stored extracellularly.
SUMMARY
The data demonstrate that the carcasses of rats made hypertensive by injection of DCA or of cortisone acetate contain significantly less potassium than normal.
The potassium decrease in the carcasses of rats made hypertensive with DCA is accompanied by a reciprocal increase in carcass sodium. Sodium restriction prevented both the hypertension and, to a large extent, the electrolyte abnormalities.
The potassium decrease in the carcasses of rats made hypertensive with cortisone is not accompanied by a reciprocal change in sodium and develops under conditions of sodium restriction as readily as on a high sodium intake. Whether this correlation between potassium depletion and hypertension has causal significance cannot be stated.
The marked dehydration present in adrenalectomized rats given cortisone and the striking overhydration present in adrenalectomized control rats were equally apparent on.high and low sodium intakes.
